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Abstract 
This paper presents an experimental investigation on the specific wear rate between Kenaf Polyester Composite (KPEC) and 
Kenaf Epoxy Composite (KEC). The raw material used in the present work was long kenaf fiber. The epoxy resin and 
unsaturated polyester were mixed with hardener at weight ratios of 3:1 and 10:1, respectively. The wear test was carried out 
using an Abrasion Resistance Tester (TR-600) in dry sliding conditions at a constant velocity of 1.4 m/s. The test was conducted 
at room temperature with different applied loads ranging from 5 and 30N. It was observed that the wear characteristic of KPEC is 
comparative to KEC composite material. Both sample materials tested exhibited the same amount of specific wear rate at the 
certain distance.  
© 2013 The Authors. Published by Elsevier Ltd.  
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Nomenclature 
Ws specific wear rate (mm3/Nm) 
L sliding distance (m) 
F  Load N 
Greek symbols 
¨m weight loss (g) 
ȡ density (g/mm3) 
1. Introduction 
Natural fibre usage in industry promotes a sustainable material development through utilization of renewable 
resources. Composite reinforcement with natural fibres becomes an interest to many researchers and designers 
because of the positive aspects of the product. Nowadays, all of these natural fibres are beginning to find their way 
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into commercial applications such as in automotive industries, marine hardware and household applications [1].  
From a mechanical point of view, natural fibres are good substitutes for polymeric composites due to 
advantageous characteristics in certain aspects such as renewable nature resources, low weight, cost, density and 
easily available. Another advantage is on the ease of modification chemically and mechanically [1, 2]. From the 
tribological point of view, few works have been pursued on kenaf [3, 4], betelnut [5], carbon [6] and E-glass [7] 
fibres and promising results were reported on the use of kenaf as alternative. For instance, the presence of kenaf 
fibres has enhanced the wear performance of composites [4]. In another work on epoxy matrix filled with hard 
powder, it was observed that wear rate increases as the normal load increases [8].  However, it was noticed that 
many of the researchers have focused more on the physical properties, mechanical properties, water absorption 
characteristics and degradation/weathering effects [9-13]. Literatures on the dynamic mechanical analysis, abrasion 
test, thermal conductivity and electrical properties were limited. 
1.1. Kenaf 
  Among the many different kinds of natural fiber, kenaf (Hibiscus cannabinus, L. family malvaceae) is becoming 
a promising high potential as reinforces fiber due to its robust mechanical properties. Kenaf is an herbaceous annual 
plant that can be grown under a wide range of weather conditions. As a dicotyledonous plant, the stalk has three 
layers; an outer cortical (“bast”) tissue layer, an inner woody (“core”) tissue layer and a thin central pith layer which 
consist of sponge-like tissue with mostly non-ferrous cells. Historically, kenaf has been used as rope, canvas and 
sacking. In recent years, great interests in kenaf related research believed to be due to the ability of kenaf to 
accumulate carbon dioxide at high rate [19]. Many researchers have reported that kenaf exhibits low density, non-
abrasiveness during processing, high specific mechanical properties and biodegradability [20], making it better 
potential as composite reinforcement.  
1.2. Wear 
Wear is defined as the loss of material from one or both of contacting surfaces when subjected to relative 
motion, while a broader definition of wear include any form of surface damage caused by rubbing processes on one 
surface against another [14]. Abrasive wear occurs when hard particles or hard asperities rub against a surface to 
cause damage or material removal. From Archard wear model [15], a specific wear rate, Ws, can be generally 
determined by,  
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U
                   (1)  
 
where, Ws in (mm3/Nm);  ¨m is weight loss (g); F is applied load (N); ȡ is density (g/mm3) and L is sliding 
distance (m). 
Previous studies on specific wear rate were reported elsewhere by an author for a reference [14, 16-18]. This 
paper will report the specific wear rate of Long Kenaf in different matrix materials.  
2. Apparatus and Experimental Procedure 
2.1. Material Preparation 
In a current study, raw kenaf fibers were supplied by Malaysian Agriculture Research and Development Institute 
(MARDI). Kenaf fibres were supplied in long fibres. Epoxy and unsaturated polyester were used for resins. The 
epoxy resin and unsaturated polyester were mixed with hardener by composition ratios of 3:1 and 10:1 (by weight) 
respectively. The kenaf fibre weight fraction of the composite is 20%. The properties of the composites are given in 
Table 1. 
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Table 1 Physical and mechanical properties of Long Kenaf Polyester composite, Long Kenaf Epoxy composite and OPEFB 
fibre. 
 
Properties 
 
Long Kenaf Polyester 
Composite 
 
Long Kenaf Epoxy 
Composite 
Density (g/cm3) 1.2164 1.15 
Tensile strength (MPa) 98.36 na 
Young’s modulus (GPa) 8.74 na 
 
KPEC and KEC are known as polymer matrix composites (PMCs). A PMC can consist of either thermoplastics 
or thermosets matrix materials. KPEC was grouped under thermoplastic composite while, KEC is under thermoset 
composite materials. Both thermosets and thermoplastics polymers have advantages and disadvantages when used as 
composite matrices as listed in Table 2. 
Table 2 Comparison of thermoplastic and thermoset matrices.  
Thermoplastic Advantages Thermoplastic Disadvantages 
Unlimited shelf life 
Easy to handle (no tackiness) 
Recyclable 
Easy to repair by welding and solvent 
bonding 
Post Formable 
Tough  
Prone to creep 
Poor melt flow characteristics 
Thermoplastics need to be heated above the melting point to sufficiently wet the 
fibres.  
 
 
 
Thermoset Advantages Thermoset  Disadvantages 
Low resin viscosity 
Good fibre wetting 
Excellent thermal stability once 
polymerized 
Chemically resistant 
Creep resistant 
Brittle 
Non-recyclable via standard techniques 
Not post-formable 
2.2.  Abrasive Wear test 
Abrasion Resistance Tester (TR-600) as shown in Fig. 1(a) was used in this sliding wear test. Sample of fibre 
composite material was attached to rotational disc and in contact with two rotating abrasive wheels made of vitrified 
bonded silicon carbide. Before each test, abrasive wheels were cleaned using a dry brush from any dust. The size of 
composite material is 122 mm in diameter and 5 mm thickness. The schematic diagram of the abrasion test 
apparatus is shown in Fig. 1(b).  
Summary of the operational conditions was tabulated in Table 3. For each applied load, a new disc specimen was 
used. The amount of weight loss for each specimen was measured before and after a test at suitable intervals by 
148   Nor Amalina Nordin et al. /  Procedia Engineering  68 ( 2013 )  145 – 151 
weighing the disc specimen to an accuracy of +0.0001g using a precision balance. Specific wear rate at each 
operating condition was determined using equation (1). 
 
(a)     (b)  
Fig. 1. (a) Abrasion Resistance Tester (b) Schematic diagram of the abrasion test apparatus. 
Table 3. Operational parameters in abrasion test. 
Parameters Experimental conditions 
Type of motion Unidirectional sliding 
Contact geometry Cylinder on flat 
Applied load [N] 5, 20 and 30 (Kenaf Epoxy) 
10 (Kenaf Polyester) 
Sliding speed [m/s] 1.4 
Temperature [oC] 24.8 ± 1.0 
Humidity [%] 65 ± 2 
Sliding distance [m] 1000 to 10 000 at  interval of 1000 
3. Results and Discussions 
Experimental results were plotted in Fig. 2 and Fig. 3. In Fig. 2, the results were plotted as Mass loss against 
distance. For both materials, straight lines were obtained for all load cases. The gradient of the line increases with 
load. This suggests that for higher load, the mass loss increases significantly with distance. However, for low load, 
the mass loss barely increases over distance. 
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Fig. 2.  Mass loss of KPEC  and KEC vs distance of  abrasive wheels running at 1.4m/s sliding speed and at different applied load value. 
In Fig. 3, specific wear rate was plotted against the sliding distance. The trend in the plots is typical of wear rate 
of composite materials. The sudden decrease at the beginning of the curve indicates the process of running in as 
normally occurred in new material.  At this stage, the sample surface improves in conformity topography where the 
initial wear rate is usually very high. As the distance progresses, the wear rate value decreases but a decreasing rate 
till it reaches almost a constant value.  This is because after the running is completed, the surface becomes smoother 
and a steady-low-rate regime is normally maintained.  
 
 
 
 
 
 
 
 
Fig.3. Specific wear rate of KEC and KPEC vs distance of abrasive wheels running at 1.4m/s sliding speed and at different applied load value. 
 
150   Nor Amalina Nordin et al. /  Procedia Engineering  68 ( 2013 )  145 – 151 
In Fig. 3, it was clearly shown that the wear rate recorded for KEC is higher as compared to that of KPEC. This 
is believed due to the difference in the nature of matrices used.  As given in Table 2, Thermoset is brittle while 
thermoplastic is tougher. This consistent pattern reflects the inherent properties of PMCs in tribological aspects such 
as self-lubricating and better friction properties. 
4. Conclusion 
From the observation and results obtained on the wear characteristics, a few points can be concluded.  The 
specific wear rate for KEC and KPEC can be differentiated at early sliding distance. However, the specific wear rate 
for both materials starts to converge to one similar value beyond 6 km sliding distance.  
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